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The CA-TIMES Model 
•  CA-TIMES (The Integrated MARKAL-EFOM1 System) model is an Energy–Economy–

Engineering–Environment (4E) model for the California energy system. 
•  Funded by the California Air Resources Board (2010 - 2012) 
•  Improvement over current statewide energy modeling tools for CA 
•  Model covers all sectors of the California energy system (not Rest of World) 

§  Primary energy resource extraction, imports/exports, electricity production, fuel 
conversion (e.g., refineries), and the residential, commercial, industrial, transportation, 
and agricultural end-use sectors 

•  The model is a set of MS Excel data files that fully describes the underlying energy system 
(technologies, commodities, resources and demands for energy services). 
§  MARKAL and TIMES are model “shells”.  We tailor the model to CA – thus, data 

driven. 
•  Rich in “bottom-up” technological detail – describes in detail technology operation, 

efficiency, availability, fuel production/demand, retrofit, and retirement in flexible time 
slices. 
§  Hundreds to thousands of technologies and commodities 

•  Depicts production, trade, transformation and use of energy and materials, and associated 
emissions, as a Reference Energy System (RES) network. 

•  Identifies most cost-effective pattern of resource use and technology deployment over time 
under various technological, behavioral, resource, and policy constraints. 



California-TIMES Model: Policies Represented 
•  Reference Case (Business As Usual) 

§  Taxes on transportation fuels (gasoline, diesel, jet fuel,…) 
§  Misc. electricity charges and fees (by end-use sector) 

§  Biofuel subsidies (ethanol, biodiesel) 
§  Biofuel import tariffs (sugarcane ethanol) 

§  CAFE (light-duty vehicle efficiency) standards (EPA-NHTSA harmonized stds. to 2016) 
§  Electric vehicle subsidies (BEVs, PHEVs) 

§  GHG perform. stds. for elec. gen. (“no new coal” in CA) 
§  Renewable Portfolio Standard (33% by 2020) 

§  Renewable elec. production and investment tax credits 
§  Renewable Fuels Standard (biofuels mandates) 

•  Deep GHG Reduction Scenario 
§  All the same policies as in the Reference Case + … 
§  Economy-wide GHG emissions caps 

•  Bring emissions back down to 1990 levels by 2020 

•  80% reduction below 1990 levels by 2050 
§  Increasingly stringent light-duty vehicle GHG emissions standards from 2017 to 2025 

§  Energy efficiency standards for Ind, Com, Res, and Ag end-use sector techs. 



Implementation of Elastic Demand 

•  Transportation Sector 
§  Elasticity values were included for end-use demands 

•  Light Duty Cars & Trucks (Vehicle Miles Traveled) 

•  Heavy Duty vehicles (Vehicle Miles Traveled) 

•  Rails (Passenger Miles Traveled) 

•  Buses (Vehicle Miles Traveled) 

•  Aviation (Passenger Miles Traveled, Million Ton Miles (freight)) 

•  Marine Transport (Million Ton Miles) 

§  Representative Elasticity values: Short run elasticity values 

•  Commercial, Residential and Industrial Sectors 
§  Elasticity values were specified for total fuel use demands due to current 

model limitations 

§  Representative Elasticity values: Long run elasticity values 

§  Lacks the ability to explicitly model long-term technology shift and fuel 
switching (top down modeling) 



Representative Elasticity Values 
•  Transportation Sector (end-use demands) 

 

•  Commercial, Residential & Industrial Sectors (total fuel use) 

End-Use Demand Representative Elasticity Values 
Light Duty Cars & Trucks -‐0.10	  
Motorcycles -‐0.10	  
Heavy-Duty Vehicles -‐0.21	  
Transit Bus -‐0.21	  
Rails -‐0.31	  
Marine Transport -‐0.25	  
Aviation (Domestic Passenger) -‐0.90	  
Aviation (Domestic Freight) -‐1.20	  
Aviation (International Passenger) -‐0.70	  

Sector Total Demand Elasticity value 

Commercial Sector -0.66 

Residential Sector -0.50 

Industrial Sector -0.70 

Source: Hughes et al (2006), Barker et al (2009), Dahl (1993) 
 



TRANSPORTATION SECTOR 



Transportation Fuel Use in the Deep 
GHG Reduction Cases 
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•  With elastic demand 
•  Fuel use -35% 
•  LDV efficiency +70% 
•  VMT ~0% (4% in 2050): low elasticity and rebound 

•  Consumption of conventional fossil-based fuels significantly declines.   
•  Bio-derived diesel, gasoline, jet fuel, and RFO significantly expand. 
•  Hydrogen also gains significant market share. 



Trade-off between FE and VMT in the Light Duty Vehicles—when ED increases, it is relatively 
cheaper to reduce VMT than to invest in technologies that improves Fuel Economy. These 
tradeoffs do not occur after 2040.  
 
Total Fuel Use and System Cost do not differ much when the ED increases. 
 

Fuel Efficiency and VMT in Light Duty Vehicles 



Total Fuel Demand in the Transportation Sector 

Total Fuel demand in ED Scenario decreases by about 38% in compared to Reference Case 
scenario and by about 10% than Inelastic Deep GHG Scenario. The total fuel demand 
decreases as the scenarios become more elastic. 



Cost of Driving Fossil Fuel Miles 

•  Though the oil price does not have any difference between the scenarios (not shown), 
the cost of driving gasoline cars per mile decreases in Deep GHG demand scenarios.  

•  Cost of Driving Fossil Fuel Miles should be higher when carbon prices are taken into 
account. 

Vehicle	  Efficiency	  
Improvement	  

Other	  vehicle	  
technologies	  in	  the	  
mix	  



INDUSTRIAL, RESIDENTIAL & 
COMMERCIAL SECTORS 



Total Fuel Use Demand Projection 

Under the Deep GHG ED scenario, the fuel use demand decreases by 31%, 37% and 42% 
in Industrial, Commercial and Residential sectors respectively.  



Fuel-Specific Demand Projection 
Commerical Fuel Use (Fuel use ED = -0.66 ) Residential Fuel Use (Fuel	  use	  ED	  =	  -‐0.5	  ) 

Percent ED Demand Reduction in 2050: Electricity > NG 
                    (38.2%)      (27.1%) 

Percent ED Demand Reduction in 2050: NG ≈ Electricity 
             (38.8%)     (39.5%) 

 

Percent ED Demand Reduction in 2050: NG > Electricity 
             (31.7%)      (26.8%) 

 



Elastic Demand Response for Electricity & Natural Gas 
Fuel Consumption 

•  Within each sector,  natural gas and electricity demand reduction respond differently 
to ED: 

•   Electricity demands respond more strongly in Commercial Sector whereas 
Natural Gas demand has a higher response in Industrial Sector. 

•  Need to extract price information to better understand the behaviors 
•  Doubling ED only results in small changes in demand reduction (~3 to 4 % additional 

reduction). 



Next Steps 

•  ED Analysis: 
§  Top-Down: Including cross-price elasticity values for further 

analysis to understand fuel switching behavior 

§  Bottom-up: Incorporating end-use demands for commercial, 
industrial and residential sectors 

§  Better understand the changes in price and demands and model 
behavior (eg. demand reduction, rebound effect) 

•  Endogenous Technological Learning: 
§  Implementing progress ratios (learning rates), specific and 

cumulative costs for technologies in all the sectors 
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